Lipid-soluble nutrient status of healthy Omani school children before and after intervention with oily fish meal or re-esterified triglyceride fish oil by Al-Ghannami, Samia S. et al.
  
1
Vitamin D deficiency is prevalent among healthy Omani school children: Omega-3 fatty 
acids have a mitigating effect.  
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ABSTRACT  
Background - The traditional diet of Oman which comprises primarily of dates, milk, rice, 
brown bread, fish and vegetables has changed considerably to resemble a Western diet which 
is high in calorie, high glycaemic index carbohydrates, total fat and saturated, trans and 
omega 6 fatty acids, and low in omega-3 fatty acids and essential micronutrients.  
Aim - To investigate fat-soluble nutrient (vitamin A, D, E and beta carotene) status of Omani 
school children before and after intervention with fish diet and docosahexaenoic acid (DHA)-
enriched fish oil supplement. 
Method - Three hundred fourteen children aged between 9 and 10 years were recruited from 
three schools in Muscat. The schools were randomly assigned to fish, fish oil or control group 
and the children given 100 g lightly grilled fish (fish group), omega-3 capsule containing 403 
mg DHA and 53 mg eicosapentaenoic acid (EPA) or their habitual diet. Baseline body 
weight, height and body mass index were assessed and a non-fasting blood sample collected 
at baseline and after 12 weeks of intervention.  
Results –  Mean plasma vitamin A, beta carotene, vitamin E concentrations and vitamin 
E/total lipid ratio  at baseline were 2.7±0.85 μmol/L, 0.68±0.48 μmol/L, 21.1±4.8  μmol/L 
and  5.0±0.81 μmol/mmol respectively. None of the children were deficient in either of the 
nutrients and there was no gender difference. Most of the children were severely deficient 
(<27.5 nmol/L; 10.5% boys and 28.5% girls), deficient (27.5-44.9 nmol/L; 47.6% boys and 
49.4% girls) or insufficient (50 – 74.9 nmol/L; 34.6% boys and 21.5% girls) in vitamin D. 
Only 7.3% boys and 0.6% girls had optimal status (≥ 75 nmol/L). Parathyroid hormone 
(5.0±1.7 vs. 5.8±2.1 pmol/L; p<0.0001) and alkaline phosphatase (225.2±66.6 vs. 247.8±73.7 
U/L; p<0.01) levels were lower in the boys than in the girls.  After 12 weeks intervention, the 
fish oil (1.2±0.70 μmol/L) and fish (1.20±0.7 μmol/L) groups compared with the placebo 
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(0.85±0.43 μmol/L) had higher concentrations of beta carotene (p<0.0001). Similarly, the 
children who received fish oil (54.1±17.5 nmol/L; p<0.001) and fish (49.2±17.4 nmol/L; 
p<0.05) had elevated levels of vitamin D than those who did not (42.3±17.5 nmol/L).  
Conclusion – This study demonstrate that vitamin D insufficiency is highly prevalent in 
Omani young school children and it can be mitigated with omega-3 fatty acid 
supplementation. Vitamin D plays a crucial role in skeletal and extraskeletal systems. 
Therefore, there is an urgent need for a well-thought-out programme which incorporates a 
fortification of foods and drinks favoured by children and outdoor activities to help tackle this 
major public health problem.  
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INTRODUCTION  
Oman has made a remarkable progress in socio-economic development in the last four 
decades (Musaiger 1998, Ibpus 2013). This advancement is reflected in dramatic reductions 
in maternal, child and infant mortality rates, common infectious diseases, extreme poverty, 
and a significant increase in life expectancy (UNICEF 2009, Al-Lamki 2010, and UNDP 
2010). Conversely, the prevalence of obesity in adults and children, and non-communicable 
diseases, such as vascular and respiratory diseases, diabetes and cancer has reached epidemic 
proportions (Musaiger 2002, Badran and Laher 2011, Abdul Rahim et al 2014). The Oman 
World Health Survey, a country-wide community-based household survey involving about 
5000 subjects conducted in 2008, revealed that 40.3% of those surveyed had hypertension, 
12.3% diabetes, 21.4% obesity and 33.6% elevated blood cholesterol (Al Riyami et al 2012).   
It is plausible that genetic predisposition may be a factor for the rise in non-communicable 
diseases in Oman and the other Gulf countries. However, the fact that the rise occurred in a 
short time and coincided with a period of economic prosperity suggests that modifiable 
lifestyle factors, such as physical inactivity, smoking and unhealthy diets could be the main 
culprits. Indeed, it has been reported that the traditional diet of the gulf countries which 
comprises primarily of dates, milk, rice, brown bread, fish and vegetables (Musaiger 1998, 
Galal 2002) has changed to resemble a more Western diet which is high in vegetable oils and 
animal fat (~30% daily calorie), refined sugar (~51% daily calorie) and low fibre cereals 
(mainly highly extracted  wheat flour and polished rice, 35-42% of daily energy) (Musaiger 
1998, Badran and Laher 2011). The Western diet is high in calorie, high glycaemic index 
carbohydrates, total fat and saturated, trans and omega-6 fatty acids, and low in omega-3 fatty 
acids and essential micronutrients. 
Childhood dietary habits tend to track to adult life (Mikkila et al 2004, Ventura and Worobey 
2013) and some of the non-communicable chronic diseases are thought to begin in early life 
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and progress to become clinical diseases in adulthood (Holman et al 1958, Holman 1961, 
McNamara et al 1971, Newman et al 1986, Barker 1995, McGill et al 2000, 2008, 2009). 
Moreover, perhaps because of the impact of marketing strategy (Robinson et al 2007, 
Andreyeva et al 2011,) fast food meals have become very popular among children and 
adolescents in the Arab countries (Musaiger 1987, Chakar and Salameh 2006) and elsewhere. 
Therefore, children and young adults must be an integral part of programmes for prevention 
and control of non-communicable diseases.   
Recently, we conducted a comprehensive study designed to define health, physical fitness 
and cognitive ability of school children within the context of the rapid nutrition transition in 
Oman. This communication reports plasma fat-soluble micronutrient status at baseline and 
after intervention with fish-based menu or docosahexaenoic acid (DHA) enriched fish oil 
supplement.  
 
SUBJECTS AND METHODS  
Subjects and Recruitment 
Three hundred fourteen children (boys, n=139, Girls, n=175) accounting for a 4.6% of the 
school pupils aged between 9 and 10 years from the Muscat Governorate were recruited using 
a two stage sampling procedure. In the first stage, three (n=3) of thirty nine (n=39) schools in 
the Governorate and in the second stage, three Grade 4 classes from five were randomly 
selected. The three schools were assigned to fish, fish oil or control group and the children 
were given for lunch a 100 gram lightly grilled fish sandwich with some vegetables (fish 
group), their habitual food or omega-3 fatty capsule containing 403 mg docosahexaenoic  
(DHA) and 53 mg eicosapentaenoic (EPA) acids. One hundred gram (100g) of the fish used 
in the study (Grouper, Sea bream, Kingfish, Emperor and Snapper) provided 150 to 200 mg 
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omega-3 fatty acids and the dishes were prepared tastefully to enhance compliance by 
professional chefs at the Intercontinental City Hotel, Muscat. Body weight, height and body 
mass index were assessed baseline and a non-fasting blood sample, about 8 ml, obtained in 
EDTA at baseline and after 12 weeks of intervention.    
The study was approved by the Research Ethics Committee of the Ministry of Health, 
Sultanate of Oman (Ref. MH/DGP/R&S/Proposal_Approved/8/2012), and the  National 
Research Ethics Committee North West – Haydock, UK (REC reference no. 12/NW/0760) 
and registered with ISRCTN Register (Reg. No.  ISRCTN93233285). Informed and signed 
consent was obtained from the parents/guardians of the children and the study was conducted 
in accordance with the provisions of the ethical approval of the two ethics committees and the 
principles of Helsinki Declaration. 
 
Methods  
Sample processing – Plasma and red blood cells were separated from whole blood specimen 
by centrifugation at 1200 g, 4ºC, for 10 minutes. The plasma was siphoned out carefully and 
transferred to another tube. The buffy coat was discarded and the red cell pellet washed three 
times by suspension in physiological saline (0.85% NaCl) and cold centrifugation. The 
plasma and red blood cells were stored at -70ºC until analysis. 
Anthropometry - Weight in kilogram and height in centimetre were assessed with a Seca 
Electronic Scale 890 (UNISCALE, Seca, Birmingham B5 5QB, UK) and a measuring board 
(Schorr, Weight and Measure, LLC, Olney, Maryland, USA) respectively.   
Plasma vitamin A and vitamin E and beta carotene analyses – An aliquate of 200 μL of 
plasma in duplicate was used for analysis. The plasma was deproteinised by with 4 ml of 
absolute ethanol and vortexing thoroughly for 3 minutes. Subsequently, 10 ml of hexane was 
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added to the plasma-ethanol mixture, vortexed for 3 minutes and centrifuged at 1200 g, 4ºC, 
for 10 minutes. The top organic layer containing the required analytes was carefully 
transferred to another tube, dried at 30º C under a gentle stream of nitrogen, suspended in 
1000 μL of methanol containing 0.01% butylated hydroxytoluene. An alquate, 50 μL, was 
taken for analysis. The target analytes (retinol, alpha-tocopherol and beta carotene) were 
separated by Agilent 1100 high-performance liquid chromatography (HPLC) system (Agilent 
Technologies, Waldbronn, Germany) with the use of a 5 micron C18 reverse-phase column, 
150 X 4.6 mm, (HiChrom Limited UK). The analytes were eluted with 100% HPLC grade 
methanol at a flow rate of 2 ml/min and detected with a diode array UV/Vis detector (Agilent 
Technologies, Waldbronn, Germany).  Vitamin A, vitamin E and beta carotene were detected 
at 325 nm (1.5 min), 292 nm (4.8 min) and 453 nm (30 min). Concentrations were 
determined from a standard curve computed with the use of ChemStation (Agilent 
Technologies, Waldbronn, Germany).  
Plasma triglycerides – Concentration of plasma triglycerides was determined  enzymatically 
(Glycerol phosphate oxidase assay )  based on the method described by Fossati and Prencipe 
(1982) and McGowan et al (1983) with the use of a reagent kit supplied by Abbot 
Laboratories (Ref: 7D74-21, 304350/R1, Abbott, Max-Planck-Ring 2, 65205 Wiesbaden, 
Germany).  
Plasma cholesterol – An enzymatic method (cholesterol esterase- cholesterol oxidase-
peroxidase) described by Roeschlau and Allain (1974) with a reagent kit obtained form 
Abbott Laboratories (Ref: 7D62-21, 304342/R1, Abbott, Max-Planck-Ring 2, 65205 
Wiesbaden, Germany) was used to analyse total cholesterol.  
Vitamin D (25-hydroxy vitamin D) -   Plasma total vitamin D, 25-hydroxylated 
cholecalciferol (vitamin D3) and ergocalciferol (vitamin D2), was  determined with a 
competitive  electrochemiluminescence protein binding assay (Abdel-Wareth et al 2013) 
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using the Cobas e 601 immunoassay auto-analyser and reagents obtained from Roche 
Diagnostics ( Sandhoferstrasse, Mannheim, Germany).  
Parathyroid Hormone (PTH) –  Intact plasma PTH was quantified by Architect Intact PTH 
assay, a two-step chemiluminescent microparticle immunoassay, using the automatic 
immunoassay analyser ARCHITECT i2000SR (Abbott, Abbott Park, IL, USA) and reagents 
from Abbott Diagnostics (Ref: 8K25, 84-6434/R5, Abbott, Max-Planck-Ring 2, 65205 
Wiesbaden, Germany) 
Alkaline Phosphatase (ALP) – ALP was measured on an Architect c8000 analyser (Abbot 
Diagnostics, Abbot Park, Il, USA) with a reagent kit supplied by Abbott Diagnostics (Ref: 
7D61-20, 30-3979/RS, Abbott, Max-Planck-Ring 2, 65205 Wiesbaden, Germany). 
Calcium -  Plasma total calcium was  determined with the use of an  Architect c8000 analyser 
(Abbot Diagnostics, Abbot Park, Il, USA) with the Arsenazo III dye binding method and a 
reagent kit from Abbott Diagnostics (Ref: 7D61-20, 30-3979/RS, Abbott, Max-Planck-Ring 
2, 65205 Wiesbaden, Germany). 
Phosphate – Plasma inorganic phosphate was analysed based on the Molybdenum blue 
colorimetric method with a reagent kit obtained from Abbott Laboratories (Ref: 7D71-20 and 
7D71-30, 30-3926//R5, Abbott, Max-Planck-Ring 2, 65205 Wiesbaden, Germany) using the 
ARCHITECT c8000 auto-analyser (Abbott, Abbot Park, IL. USA). 
 
Data Analyses  
The data are expressed as mean and standard deviation (S.D.). Independent (unpaired) and 
paired t-tests, respectively, were used to determine statistical significance between the 
genders at baseline and between pre- and post-intervention within gender. Group comparison 
was performed with a one-way ANOVA, and Boneferroni post hoc test when a significant 
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difference is indicated. Differences were considered significant if the p value was less than 
0.05. All analyses were carried out with SPSS version 21 (IBM SPSS, IBM Corporation, 
Armonk, NY, USA). 
 
RESULTS  
Pre-intervention (baseline) gender comparison  
Body weight, height, body max index and plasma  vitamin A (all-trans retinol), beta carotene, 
vitamin E (alpha-tocopherol), total lipid (triglycerides and cholesterol), alpha-tocopherol and 
total lipid ratio, total vitamin D, parathryroid hormone, alkaline phosphatase, calcium and 
inorganic phosphate levels of the children are shown in Table  1. The male compared with the 
female students had higher vitamin D (p<0.0001) and lower parathyroid hormone (p<0.0001) 
and alkaline phosphatase (p<0.01) levels.  
Post-intervention group comparison  
Compared with the control group, the children (both male and female students) who were 
given fish oil supplement for twelve weeks had increased concentrations of beta carotene and 
vitamin D (p<0.001). Similarly, both carotene (p<0.001) and vitamin D (p<0.05) levels were 
higher in those who received fish meals (Table 2).  
Gender-stratified post-intervention group comparison 
In the male students, beta carotene and vitamin D concentrations in the fish oil (p<0.001) and 
in the fish (p<0.05) groups were higher than in their counterparts who did not receive fish oil 
or fish meals (Table 3). Likewise, in the female students who were given fish oil and fish 
meals had elevated level of vitamin D (p<0.001 and p<0.05) compared with the control group 
students (Table 3). 
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Pre- and post-intervention comparison 
Post-intervention plasma vitamin D (Fig. 1) and parathyroid hormone (Fig. 2) concentrations 
compared with pre-intervention (baseline) were higher in the children who received fish oil 
and fish meals (p<0.0001). There was no difference between the pre- and post-intervention 
concentrations of the two analytes in the control group.  
 
DISCUSSION  
Urbanisation, heavy reliance on imported foods (primarily beef, dairy and poultry products 
and refined cereals, vegetable oils and sugar) and sweetened beverages and the proliferation 
of food supermarkets and convenience fast-food restaurants have led to a drastic change in 
dietary habits in Oman. The impact of the change, which is characterised mainly by intakes 
of calorie-rich and essential micronutrient-poor foods, on lipid-soluble nutrient (vitamin A, D 
and E, and beta carotene) status of Omani children has not been fully investigated. 
Accumulating evidence demonstrates, these micronutrients, in addition to their well-
characterised classical functions (Goodman et al 1966, Bonet et al 2003, DeLuca 2004, Black 
et al 2008, Sathe and Patel 2010, Nike and Traber 2012) play a role in gene expression 
(Zhang et al 1992, Azzi et al 2004, Bastien and Rochette-Egly 2004, Hossein-nezhad et al 
2013), cognitive function (Grodstein et al 2007, Olson and Mello 2010, Soni et al 2012, 
Ulatowski et al 2014)  and antioxidant defense (Burton and Ingold 1984,  Lin et al 2005).  
Moreover, deficiency/insufficiency of these nutrients is thought to be associated with 
increased risks of non-communicable diseases. 
A  biannual supplementation programme with a high dose vitamin A in infants and children 
aged six to fifty-nine months (UNICEF 2007, WHO 2011a) is effective in reducing 
morbidity, mortality and vision impairment (Beaton et al 1993, Fawzi et al 1993, Imdad et al 
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2010, Mayo-Wilson et al 2011). Regardless, vitamin A deficiency is still the foremost cause 
of these preventable problems, particularly in South East Asia and Africa. Based on the 
prevalence of night blindness and biochemical vitamin A deficiency based estimates, 45 and 
122 countries respectively have vitamin A deficiency of public health significance (WHO 
2009). A 0.70 μmol/l serum/plasma vitamin A concentration is the cut-off point of deficiency 
(WHO 1996, De Pee and Dary 2002) which is used as a marker for assessing severity and 
public health significance in most age groups (WHO 2011b). A cross-sectional survey (MHO 
2006) on food fortification and micronutrient deficiencies conducted in Oman in 2004 found 
vitamin A deficiency in children aged 6-59 (5.5%), 6-23 (18%) and 24-59 (3%) months, and 
in non-pregnant women of reproductive age (0.5%). In the current study, deficiency ( 0.70 
μmol/l) was not detected in any of the children and only three of them had a marginal status 
(<1.05 μmol/l). Some of the milk and dairy products in the Omani market are fortified with 
vitamin A (Alasfoor et al 2007) and it is mandatory for edible vegetable oils sold in the 
country to incorporate 60 IU/g of the vitamin. It appears that the children were able to 
maintain adequate status by consuming foods fortified with preformed vitamin A as well as 
vegetables containing provitamin A.  
There is a wide variability in blood beta carotene concentration among healthy individuals 
(Winklhofer-Roob et al 1997). The variations are primarily a reflection of intake, vitamin A 
status and genetic make-up (Lacher et al 2005, Tourniaire et al 2009, Borel 2012). Gender-
related differences in concentration have also been reported (Hercberg e t al 1994, Olmedilla 
et al 1994). Nevertheless, depending on the amount of fruits and vegetables consumed, blood 
beta carotene levels generally fall between 0.2 and 1.5 μmol/l (Burri 1997). The present study 
did not detect gender-related effect on plasma beta carotene, and the values were within the 
aforementioned range in 87% (0.63±0.31 μmol/l), below in 7% (0.16±0.04 μmol/l) and above 
in 6% (1.87±0.28 μmol/l) of the children.  Fresh fruits, which are an important component of 
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the Omani foods, are eaten three or more times a week (Opara et al 2007). This Omani 
dietary habit may provide and an explanation for the ‘adequate’ beta carotene status in most 
of the children in the current study.  
In contrast to vitamin A, the concentration of plasma beta carotene increased significantly in 
the fish diet and fish oil groups after intervention for 12 weeks (Table 2).  This finding, which 
is consistent with the report that fish oil supplementation enhances the absorption of beta 
carotene in human (Nair et al 1993) and rats (Blakely 1992), is rather intriguing since dietary 
fat is thought to facilitate fat-soluble vitamin uptake and transport at the intestinal level. 
As is the case with the other fat-soluble vitamins, the blood level of vitamin E (alph-
tocopherol) varies considerably between individuals and population groups (Winklhofer-
Roob et al 1997, Valtueña et al 2011, Péter et al 2013, Traber 2014). Nevertheless, a  
concentration  of less than 12 μmol/l in plasma is defined as a cut-off point of vitamin E 
inadequacy (IOM 2000) and the minimum concentration required to help prevent 
cardiovascular diseases and cancer is thought to be 30 μmol/l (Gey  1995). 96.6% of the 
children in this study had concentrations higher and 3.4% lower than the cut-off point (12 
μmol/l). Two children had levels (7.38 and 7.89 μmol/l) less than 8 μmol/l, a value which is 
associated with neurological disease. Since vitamin E is intimately associated with circulating 
lipids, the ratio of the two nutrients was used to evaluate vitamin E status. All of the children 
had vitamin E/total lipid ratio higher than the cut-off point 1.11 μmol/mmol suggesting that 
the ‘deficiency’ in the 3.4% of the children indicated by plasma vitamin E concentration may 
not be related to a low intake.  
There was no difference in the post-intervention plasma vitamin E concentration between the 
three groups (Table 2, 3 and 4). In contrast, the post-intervention vitamin E/total lipid ratio 
was significantly higher in the children who received the fish oil supplement compared with 
the fish diet and control groups. This difference was most likely due to the combined effect of 
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omega-3 fatty acids which reduces blood lipid content and the vitamin E incorporated in the 
supplement to prevent lipid peroxidation.          
Consistent with the previous reports of Omani non-pregnant (Al-Kindi 2011) and pregnant 
(Al Kalbani et al 2011) women, school children aged 9 to 12 years (Kilani et al 2013) and 
adults aged 18 to 55 (Abiaka et al 2013), most of the children in the current study were 
severely deficient (<27.5 nmol/L; 10.5% boys and 28.5% girls), deficient (27.5-44.9 nmol/L; 
47.6% boys and 49.4% girls) or insufficient (50 – 74.9 nmol/L; 34.6% boys and 21.5% girls) 
in vitamin D. Only 7.3% boys and 0.6% girls had a sufficient level (≥ 75 nmol/L) level. As it 
is borne out by the elevated levels of parathyroid hormone and alkaline phosphatase (Table 1) 
the insufficiency was more pronounced in the female children. The high prevalence of 
vitamin D deficiency in the children should be a major public health concern because 
childhood is a period of skeletal mineral acquisition and bone modelling and there is evidence 
that vitamin D plays a critical role in muscle growth and development, cognitive function and 
modulation of innate and adaptive immunity.    
Omega-3 fatty acids have been shown to enhance bone mineralisation in human and 
experimental animals but their effect on blood vitamin D has not been investigated. The 
children who were given oily fishes, which are thought to contain variable amounts of 
vitamin D, and DHA-enriched fish oil supplement, which was stripped out of vitamin D, had 
elevated plasma 25-hydroxy vitamin D concentration compared with the control group (Table 
2, 3, 4).It is not obvious how fish oil increases plasma vitamin D. However, since it did not 
have any effect on PTH or alkaline phosphatase the action may be mediated by the 
facilitation of vitamin D transport across the intestinal mucosa. Indeed, there is evidence that 
dietary fat promotes vitamin D absorption (Dawson-Hughes et al 2014).   
Bone mineral density of the children and vitamin D status of rural children with limited 
access to school transport were not assessed. These limitations will be addressed in future 
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investigations. This study demonstrates that vitamin D insufficiency is highly prevalent in 
Omani young school children and it could be mitigated with omega-3 fatty acid 
supplementation. Various studies have reported vitamin D deficiency/insufficiency in non-
pregnant and pregnant Omani women. It is conceivable that Omani children may be at risk of 
developmental and health problems caused by prenatal and postnatal vitamin D deficiency. 
Vitamin D plays a crucial role in skeletal and extraskeletal systems. Therefore, there is an 
urgent need for a well-thought-out programme which incorporates a fortification of foods and 
drinks favoured by children and outdoor activities to help tackle this major public health 
problem.  
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Table 1. Baseline weight, height, body mass index and plasma A, D and E, beta carotene, 
total lipid, parathyroid hormone, calcium and phosphate levels of Omani school children 
 
Variables  Male and 
Female 
students 
(n=314) 
Male students 
(n=139) 
Female 
students 
(n=175) 
Weight (kg)  30.1 ± 7.8 29.9 ± 8.2 
Height (cm)  133.1 ± 6.4 133.1 ± 6.6 
Body mass index (kg/m2)  16.8 ± 3.4 16.7 ± 3.5 
Retinol (μmol/L) 2.7 ± 0.9 2.7 ± 0.8 2.6 ± 0.9 
Beta carotene (μmol/L) 0.7 ± 0.5 0.7 ± 0.5 0.7 ± 0.5 
-tocopherol (μmol/L) 21.1 ± 4.8 20.9 ± 4.9 21.3 ± 4.7 
Total lipid (mmol/L) 5.0 ± 0.8 4.9 ± 0.8 5.1 ± 0.8 
-tocopherol (μmol) / total lipid 
(mmol) ratio 
4.3 ± 0.9 4.3 ± 0.9 4.3 ± 0.9 
Vitamin D (25-hydroxy vitamin D) 
(nmol/L) 
43.1 ± 17.1 49.3 ± 17.5 38.5 ± 15.3٭٭ 
Parathyroid hormone (pmol/L) 5.5 ± 1.9 5.0 ± 1.7 5.8 ± 2.1٭٭ 
Alkaline phosphatase (U/L) 237.2 ± 73.5 225.2 ± 66.6 247.8 ± 73.7٭ 
Calcium (mmol/L) 2.5 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 
Phosphate (mmol/L) 1.6 ± 0.2 1.6 ± 0.2 1.6 ± 0.2 
 
٭٭p<0.0001, *p<0.01 - Male students vs. Female students  
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Table 2. Plasma vitamin A, D and E, beta carotene, total lipid, parathyroid hormone, calcium 
and phosphate levels of male and female school children after intervention with DHA-rich 
fish oil formulation or fish meal.  
 
Variables  Control group 
(n=116) 
Fish oil group 
(n=86) 
Fish meal 
group 
(n=108) 
Retinol  (μmol/L) 2.2 ± 0.7 2.3 ± 0.8 2.3 ± 0.8 
Beta carotene (μmol/L) 0.9 ± 0.4 1.2 ± 0.7٭٭ 1.2 ± 0.7٭٭ 
-tocopherol (μmol/L) 20.0 ± 4.8 20.5 ± 4.5 20.5 ± 4.7 
Total lipid (mmol/L) 5.1 ± 0.8 5.1 ± 0.8 5.2 ± 0.8 
-tocopherol (μmol) / total lipid 
(mmol) ratio 
4.2 ± 0.9 4.6 ± 1.0$ 4.2 ± 0.8 
Vitamin D (nmol/L) 42.3 ± 17.5 54.1 ± 17.5٭٭ 49.2 ± 17.4٭ 
Parathyroid hormone (pmol/L) 5.8 ± 2.1 5.8 ± 2.1 6.4 ± 2.4 
Alkaline phosphatase (U/L) 250.4 ± 72.8 245.9 ± 65.7 253.6 ± 85.0 
Calcium (mmol/L) 2.5 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 
Phosphate (mmol/L) 1.9 ± 0.4 1.6 ± 0.1 1.6 ± 0.1 
 
** p<0.001 Control group vs. Fish oil group;  ٭p<0.05 Control group vs. Fish meal group  
$ p<0.001 Fish oil group vs. Fish meal and Control Groups 
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Table 3. Plasma vitamin A, D and E, beta carotene, total lipid, parathyroid hormone, calcium 
and phosphate levels of the male school children after intervention with DHA-rich fish oil 
formulation or fish meal for 12 weeks. 
 
Variables  Control group 
(n=51) 
Fish oil group 
(n=37) 
Fish meal group 
(n=48) 
Retinol  (μmol/L) 2.2 ± 0.7 2.1 ± 0.7 2.4 ± 0.6 
Beta carotene (μmol/L) 0.9 ± 0.4 1.4 ± 0.8٭٭ 1.2 ± 0.8٭ 
-tocopherol (μmol/L) 20.2 ± 5.6 21.1 ± 4.0 20.5 ± 3.6 
Total lipid (mmol/L) 5.1 ± 0.8 5.0 ± 0.7 5.3 ± 0.8 
-tocopherol (μmol) / total 
lipid (mmol) ratio 
4.2 ± 0.9 4.6 ± 0.8$ 4.1 ± 0.8 
Vitamin D (nmol/L) 50.6 ± 18.9 63.1 ± 17.3٭٭ 58.0 ± 16.5٭ 
Parathyroid hormone 
(pmol/L) 
5.5 ± 1.9 4.9 ± 1.4 5.9 ± 2.1 
Alkaline phosphatase  (U/L) 237.2 ± 61.8 226.6 ± 39.2 256.7 ± 82.6 
Calcium (mmol/L) 2.5 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 
Phosphate (mmol/L) 2.4 ± 0.4 1.6 ± 0.1 1.6 ± 0.1 
 
**p<0.001 Control group vs. Fish oil group; ٭p<0.05 Control group vs. Fish meal group 
+p<0.05 Fish oil group vs. Fish meal and Control groups; $p<0.05 Fish oil group vs. Control 
and Fish meal groups 
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Table 4. Plasma vitamin A, D and E, beta carotene, total lipid, parathyroid hormone, calcium 
and phosphate levels of the female school children after intervention with DHA-rich fish oil 
formulation or fish meal for 12 weeks. 
 
Variables Control group 
(n=65) 
Fish oil group 
(n=49) 
Fish meal group 
(n=60) 
Retinol (μmol/L) 2.2 ± 0.7 2.2 ± 0.9 2.3 ± 0.8 
Beta carotene (μmol/L) 0.8 ± 0.5 1.1 ± 0.7 0.9 ± 0.8 
-tocopherol (μmol/L) 19.9 ± 4.2 20.1 ± 4.9 20.6 ± 5.5 
Total lipid (mmol/L) 5.1 ± 0.8 5.2 ± 0.8 5.2 ± 0.8 
-tocopherol (μmol) / total 
lipid (mmol) ratio 
4.2 ± 0.8 4.6 ± 1.0$ 4.2 ± 0.8 
Vitamin D (nmol/L) 36.1 ± 13.5 47.3 ± 14.6٭٭ 41.8 ± 14.6٭ 
Parathyroid hormone 
(pmol/L) 
6.0 ± 2.2 6.5 ± 2.3 6.8 ± 2.6 
Alkaline phosphatase (U/L) 261.2 ± 79.6 260.8 ± 77.6 251.2 ± 87.5 
Calcium (mmol/L) 2.5 ± 0.1 2.5 ± 0.1 2.5 ± 0.1 
Phosphate (mmol/L) 1.6 ± 0.2 1.7 ± 0.2 1.6 ± 0.1 
 
٭٭p<0.001 Control group vs. Fish oil group; ٭p<0.05 Control group vs. Fish meal group  
$p<0.05 Fish oil group vs. Control and Fish meal groups 
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Figure 1. Plasma vitamin D concentrations before (baseline) and after intervention with fish 
oil and fish meal for 12 weeks 
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Figure 2. Plasma parathyroid hormone levels before (baseline) and after intervention with 
fish oil and fish meal for 12 weeks 
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